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Previous studies have utilized single-photon emission computed tomography (SPECT} to demonstrate decreased
{'211B-CIT striatal uptake in idiopathic Parkinson disease (PD) patients. The present study extends this work by
examining SPECT outcome measures in a larger group of PD patients with varying disease severity. Twenty-eight
1-dopa-responsive PD patients (Hoehn-Yahr stages 1—4) and 27 healthy controls had SPECT scans at 18 to 24 hours
after injection of ['**11B-CIT. Specific to nondisplaceable striatal uptake ratios (designated V") were correlated with
Hoehn-Yahr stage and Unified Parkinson’s Disease Rating Scale (UPDRS) subscores. Linear discriminant function
analyses utilizing striatal uptakes, putamen-to-caudate ratios, and ipsilateral—contralateral asymmetry indices were
performed. Decreased striatal tracer uptake (V;'') was correlated with total UPDRS score for both contralateral and
ipsilateral striatum, Putamen uptake was relatively more reduced than caudate with mean putamen:caudate ratios of
0.50 = (.17 and 0.82 = 0.09 for PD patients and controls, respectively. Ipsilateral:contralateral asymmetry was
significantly greater in PD patients than controls. Discriminant function analysis utilizing V,"* for ipsilateral and
contralateral caudate and putamen correctly classified all 55 cases. These dara demonstrate marked differences in
['#11B-CIT SPECT measures in healthy controls and PD patients. The significant correlation of SPECT measures

with motor severity suggests {'2118-CIT may be a useful marker of disease severity in PD.
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Parkinson’s disease (PD) is characterized by an insidi-
ous onset with variable expression of motor symproms
and a slowly deteriorating course. Most patients pre-
sent with unilateral symptoms that progress to bilateral
disease [1]. The progression of motor symptoms in PD
is reportedly due to ongoing losses of nigral dopamin-
ergic neurons, although pathological confirmation of
this hypothesis is limited. Postmortem darta in PD pa-
tients have shown reduced dopamine (DA) content [2]
and DA transporter density [3} in striatum with rela-
uvely greater abnormality in putamen compared with
caudate [4]. Evaluation of disease progression based on
clinical examination is complicated by the medication
treatnent of motor symptoms. Hence, the search for
an objective marker of disease severity in PD is rele-
vant to improved understanding of the pathophysiol-
ogy of disease onset and progression and may provide

clues to more accurate classification of phenomenologi-
cally distinct patient groups.

We have utilized ['?I}B-CIT [2B-carboxymethoxy-
3B-(4[***Tliodophenyltropane] in humans as a single-
photon  emission computed tomographic (SPECT)
marker of DA transporters located on dopaminergic
terminals in the striatum. Preliminary SPECT studies
in healthy human subjects demonstrated high concen-
tration of activity in striaum [5], a region rich in DA
transporters, with stable levels of uptake for more than
24 hours after bolus intravenous administration of the
radiotracer {0). The protracted stability of ['2*I]18-CIT
striaral uptake permits measurement of a specific/non-
displaceable binding ratio, which is linearly related two
B,.., the density of DA transporters {6]. The specific/
nondisplaceable striatal binding ratio, designated V",
showed robust test/retest reproducibility in healthy
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subjects and PD patients [7]. In heaithy human sub-
jects, [12*11B-CIT SPECT demonstrated reductions of
tracer uptake with increasing age {8} compatible with
postmortem reports of DA transporter loss in normal
aging. :

Initial studies of PD patients showed markedly ab-
normal siriatal uptake, more pronounced in putamen
than caudate, with larger decreases on the side contra-
lateral 1o the side of greatest motor impairment [9, 10},
consistent with changes described in positron emission
tomographic (PET) studies in PD patients using the
DA transporter agent ["'CIWIN 35,428 [I1]. In a
sample of 8 PD patients with exclusively unilareral
symptoms, all 8 patients showed decreased striatal
uptake on both the contralateral and ipsilateral sides
compared with age- and gender-matched controls,
suggesting ['?11B-CIT SPECT may be sensitive to
changes in DA transporter sites occurring prior to the
onset of motor symptoms [12].

The purpose of the present investigation was o ex-
tend these preliminary data by examining a larger
group of 1-dopa—responsive PD patients with {1211~
CIT SPECT with the following questions: (1) Do
SPECT outcome measures correlate with Hoehn-Yahr
stage and Unified Parkinson’s Disease Rating Scale
(UPDRS) scores? (2) Are putamen:caudate ratios al-
tered in PD patients? (3) Are ipsilateral:contralateral
asymmetries of tracer uptake increased in PD patients?
(4) What is the discriminative utility of SPECT mea-
sures of striatal uptake, putamen:caudate ratio, and
asymmetry for distinguishing PD patients from con-
trols?

Materials and Methods

Radiopharmacentical Prepavation

High specific activity | '**113-CIT was prepared from the cor-
responding trimethylstannyl precursor (Research Biochemi-
cals International, Narick, MA) and high radionuclidic purity
['2*131Nal (Nordion International, Ltd, Vancouver, BC, Can-
ada) as described previously {13, 141, Radiochemical purity
was 97 * 2% {with these and subsequenr measures ex-
pressed as mean = SD) as measured with high-performance
liquid chromatography (HPLC). Specific activity could not
be directly measured but was more than 5,000 Ci/mmol.

Subjecty

Twenty-eight patients (age, 63.0 * 9.0 years) with idiopathic
PD (Hoechn-Yahr stages 1—4) were enrolled in the study fol-
lowing the provision of informed consent. Inclusion criteria
included age greater than 35 years and at least two of the fol-
lowing: bradykinesia, resting cremor, rigidity, postural instabil-
ity, and freezing phenomena (one of which is rest tremor or
bradykinesia). All patients were evaluated in the Yale-New
Haven Hospital General Clinical Research Center using the
modified CAPIT protocol [15]. Patients were evaluated using
the UPDRS [16] and four timed motor rasks after 12-hour
medication withdrawal and 1 hour following oral administra-
ton of carbidopa/L-dopa (25/100 mg). Response to L-dopa
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challenge was defined asa 339 improvement in UPDRS score
orin one timed motor test. Patients who failed to respond were
rechallenged witharepeatsingle oral dose of carbidopa/L-dopa
(25/250 mg) and reexamined 1 hour later using these criteria.
Those patients showing no response to L-dopa were excluded
from the study. Patient characteristics and concomitant medi-
cations are described in Table 1.

Twenty-seven healthy conurols (age, 32.5 = 19.4 years)
were recruited from Yale-New Haven Hospital, Yale Uni-
versity, and the community. Controls underwent a thorough
history, physical examination, and laboratory evaluation prior
to study enrollment. Subjects with fAirst-degree family mem-
bers with psychiatric or neurological illness were excinded.
All subjects had negative urine toxicology screens and were
taking no medication.

Data Acquisition and Analysis

All patients and healthy subjects received supersaturated po-
tassium iodide soluton (800 mg orally) prior o tracer injec-
ton. Four fiducial markers filled with 14 to 18 kBq (4-5
rCi) [T} NaTcQ, were attached to both sides of subjects’
heads at the level of the canthomeartal line prior to imaging
to facilitate post hoc computer reorientation of transaxial im-
ages. At 18, 21, and 24 hours following the intravenous bolus
injection of 370 = 57 MBq (10.0 = 1.6 mCi) ['#1]B-CIT,
SPECT scans were acquired in a 64 x 64 X 32 matrix on
the Ceraspect device (Digital Scintigraphics, Waltham, MA),
a head-dedicared SPECT tomograph with resolution of 7.5
to 8 mm full width half maximum (FWHM) in all three axes,
Three 12- to 153-minute acquisitions were obtained ar each
of the three time points post injection.

Raw data were reconstructed from photopeak counts
within a 2087 symmetric energy window centered around
159 keV using a Butterworth filter (power factor = 10, cut-
off = 1 cm). Transaxial images were reoriented parallel to
the canthomeatal plane and attenuacion-corrected using
Chang zero-order correction [17] based on an ellipse fit to
brain using a linear attenuation factor (u = (.15 cm ™'} deter-
mined empirically from an '%*1-containing distributed source
phantom.

The striatal ratio of specific to nondisplaceable uptake, also
designated V,"', is proportional to the density of receptors
(B ) within the region of interest (RO}, if one assumes
['B13B-CIT striatal uptake is unchanging over the time of
imaging [6). We believe this assumption is appropriate based
op the exuemely slow elimination rates of plasma parent
compound, occipical, and striatal activity in previous human
studies receiving bolus injections of ['?*11B-CIT and was
confirmed in the present study by evaluarion of scans ob-
tained at different rime points.

For calculating the ratio of striatal specific:nondisplaceable
uptake (V,'"), four contiguous transaxial slices representing
the most intense seriatal uprake were summed. A standard
region of interest template was constructed based on co-
registered magnetic resonance imaging (MRI) scans obtained
from previous ['211B-CIT studies in 4 healthy human con-
trols. This template included regions for left and right cau-
date, putamen, and occipital cortex (Fig 1). Small variations
in individuals’ brains required movement of the ROls within
the template without ¢hanging the individuat ROI shape or
pixel area. Data were expressed as counts per minute per



Table 1. Patient Demographics

Illness
Duration v-Dopa/Carbidopa DA Agonise
Age Affected  {from Dx, Toral
Patient (yr) Gender Side in yo Hoehn-Yahr UPDRS  Sinemer Sinemet-CR Amantadine  Pergolide Bromocriptine  Selegiline
1 54 M L 7 3.0 47.5 400 3 10
2 62 F L 2 2.0 42 450 2.25
3 72 F R 4 15 335 10
4 71 M R 3.5 2 28.5 250 600 5
bl 7¢ M B 2.5 2.3 275 300 5
6 43 F L 0.5 1 8.5 No meds
7 33 M R 2 1.5 20 1.5 10
8 71 M R 4.5 2 46 800 0.75 10
9 69 M R 0.5 1 21 No meds
10 58 M R 6 2 61 750 5
11 74 F L 0.5 1 29 No meds
12 67 M R 0.5 1.5 26.3 No meds
13 66 F L 4 2.5 44.5 300
14 59 F R 3.5 2 235 400
15 095 M L 8 4 61.5 750 3.75
16 60 M R 3 1 13 25
17 50 F R 9 4 97.5 1,000
18 62 M L 7 2.5 42.5 400 10
1o 62 F R 9 4 102 1,000
20 75 M L 3 4 7¢ 400 300 2.5 10
21 62 M R 4.3 2 38.5 600 200 225 10
22 58 M L 6 2 57.5 800 300
23 43 F L 14 4 104.5 400 6 40
24 66 M L 8 2.5 39 300 600 5
25 73 M L 3 2.5 34.9 150 10
26 63 M L 3 2 29 200 300 3 10
27 78 F L 6 3.3 58 450 300 20
28 57 M R 05 1 20 No meds

Dx = diagnosis; UPDRS = Unified Parkinsor’s Disease Rating Scate; DA = dopamine; meds = medicine.

pixel (cpm/pixel} for each brain region. Estimates of striatal
specific uptake were made by subtracting occipital cpm/pixel
from total striatal cpm/pixel, based on the low density of
monoamine transporters in the occipital lobe. This method
assumes equivalence of nonspecific uptakes in striatam and
occipital cortex. V"' was derived by dividing the striatal spe-
cific uptake by occipital uptake. The final ratio was calculated
as the mean of all nine V"' measurements over 18, 21, and
24 hours (three scans at each time point).

V,'* values were used to determine putamen: caudare activ-
ity rarios for ipsilateral and contralateral striatum. In the PD
patients, the contralateral striatum was defined as the side
opposite that of initial symptom presentation. All but 1 pa-
tient had a clearly identified side of initial symptom onset.
For the control subjects, contralateral was arbitrarily assigned
to the left striatum based on the Jack of data clearly describing
lateralized differences of striatal DA transporter density in
humans. V'’ was also used for calculating relative ipsilateral:
contralateral asymmerry of uptake for caudate and puramen
based on the following formula.

Asymmetry Index (AI}

__ipsilateral — contralaterai
- (ipsilateral + contralateral}/2

x 100

Statistical Analyses

V,'* measures of contralateral putamen, ipsilateral putamen,
contralateral caudate, and ipsilateral caudate were expressed
as both the raw and age-corrected measure. Age correcuon
was based on our previous finding of the sensitivity of
[13]1B-CIT striatal uptake (V3'') to detect expected age-
related reductions of striatal uptake in healthy humans {8}
Data were age corrected by fitting a regression line to the
healthy control striatal data and correcting all V"' data with
the regression funcrion. Age-corrected data were expressed
as the percentage of age-expected V;"' value.

Descriptive statistics were performed on the V"', age-
corrected V,'', putamen:caudate ratio, and Als in PD and
healthy controls. Comparisons of patient and control SPECT
measures (V" with and without correcton; putamen:
caudate ratios; Als) were made utilizing unpaired ¢ tests with
Bonferroni correction. Levene's test for the equality of vari-
ance was used for determination of the equivalence of the
variance between groups and the apptcopriate variance was
used based on the Levene test. All tests were two tailed
with significance assessed at the p < 0.05 level. Correlation
coefficients were calculated for the SPECT outcome mea-
sures and Hoehn-Yahr stage, total UPDRS score, UPDRS
subscales (motor, bradykinesia, tremor).
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Fig 1. Transaxial single-photon emission computed tomographic
tmages at the level of striatum n bealthy control (A) and idio-
bathic Pavkinson's disease subject Hoebn-Yabr stage 1 (B) and
stage 4 (C) obtained at 24 bours following the injection of
{71} B-CIT. The bealthy subject scan demonstrates regions of
interest placed in right and left candate and putamen and sccip-
ital cortex.

The discriminative power of V;'* (raw values and age cor-
rected), putamen: caudate rario, and Als were analyzed using
a linear discriminant function analysis utilizing SPSS/PC +
(SPSS, Inc, Chicago, IL) implemented on a Pentium com-
puter platform. This analysis assesses the variance and dis-
criminative power of each factor berween groups accounting
for the correlations, the univariate F ratio, and Wilks' A, a
measure of the residual variance. Separate discriminant func-
tion analyses were applied to V5" (raw values), V"' (age-
corrected values), putamen;caudate ratio, and Als.

Results

Group Characteristics

x? analysis found no significant gender differences be-
tween the control and PD patient groups (p = 0.51).
However, there were significant age differences be-
tween controls and PD patients, with the control group
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younger (32.3 = 19.4 years) than the PD group (63.0
* 9.1 years) (¢ = 2.57, p = 0.014). Within the PD
group, 14 patients had initial left-sided motor symp-
toms, 13 had right-sided onset, and 1 patient had bilat-
eral symptom onset.

Comparison of Control and PD SPECT

Values— Descriptive Measures

Comparisons between PD patient and control SPECT
measurements are summarized in Table 2, Unpaired ¢
tests demonstrate significant between-group differ-
ences for all four V,”" measures (ipsilateral putamen,
contralateral putamen, ipsilateral caudate, contralateral
caudate), both with and withour age correction. Bon-
ferroni correction for the number of tests run yields p
values that are all less than 0.01. The age-corrected
putamen V,'" measures are indicared in Figure 2. A few
control subjects showed ovetlap with the PD group on
the age-corrected data. Within the PD group, there
were significant contralateral/ipsilateral differences (p
= 0.00003 and p = 0.0094 {or caudate and putamen,
respectively). The controls also showed greater V.’
measures for left caudate and putamen compared with



Table 2. Parkinson's Disease Patient and Control (1) B-CIT Single-Photon Emission Computed Tomaographic Measures

Vy" Age-corrected,

vy Percentage of Expected Value
Putamen:Caudate Ratio Asymmerry Index

Ipsi Ipsi Contra Contra Ipsi Epsi Contra Contra

Caudate Putamen  Caudate Putamen  Caudate Putamen  Caudate Putamen  ]pstlateral  Contralateral Caudate Putamen
PD patients 5.5¢ 2.93 4.71 2.9 33.5% 37.5% 46.9% 29.5% 0.51 0.50 3.1 40.1
sD +2.63 +1.73 +242 +1.20 £25.0%  *213%  +241% +159%  +0.10 +0.17 *17.6 227
Controls 10.89 8.4 1142 9.33 98.0% 94.8% 103.1% 105.3% 0.77 .82 12 14.6
8D *313 +252 +2.87 +2.34 *259%  x23.0%  *22.8% +205%  *0.11 +0.09 +4.9 +13.0
' 6.81 9.34 938 9.58 6.11 958 885 15.33 0.15 8.59 4.6 5.13
Two-tailed p <000 p<0001 p<0001 p<0001 p<QO0l p<0.001 p<0001 p<0001 p<0001 p< 0.001 <0001 p <0001

significance

Note: For healthy subjects ipsilateral is arbitranly assigned to right strisrum.

Ipsi = ipsilateral; Contra = contralateral.
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Fig 2. Striatal specific.nondisplaceable binding ratio (V5'') mea-
sures expresied as a percentage of the age-expected value in ipsi-
lateral and contralateral putamen in idiopathic Parkinson’s dis-
ease (PD} patients and controls. Bars indicate the mean values
based on age corvection to a linear regression of the bealthy sub-
ject data. The contralateral putamen in PD patients (mean,
309% of age-expected control valuel shows greater veduction than

ipitlateral (mean, 385 of control).
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Fig 3. Putamen:caudate ratios of V3'' values for contralateral
and ipsilateral sides fn individual Parkinson’s disease patients
and controls. Ipsilateral was arbitrardly assigned to vight stria-
tum in the controls. Patients demonstrate significantly reduced
ratios compared with controls, suggesting velatively greater veduc-
tion tn putamenal uptake compared with caudate.

the right (p = 0.0017 and p = 0.0011, caudate and
putamen, respectively).

Putamen:caudate ratios were significantly different
between the PD and control groups (see Table 2, Fig
3). Within-group comparisons showed no differences
in the ipsilateral and contralateral ratios for either the
PD or controls (p = 0.7745 and p = 0.074, PD and
controls, respectively).

Als were significantly different between PD and
control groups for both caudate and putamen (see Ta-
ble 2, Fig 4). Within the PD group, the putamen

504 Annals of Neurology Vol 38 No 4 October 1995

showed greater asymmetry than candate (p = 0.0013).
The control group demonstrated significandy more
negative Al values in both caudate and putamen (p =
0.0014 and p = 0.0015, caudate and putamen, respec-
tively), indicating that left striatal uptake was greater
than right.

Correlation of SPECT with Motor Symptoms
Hoehn-Yahr stage, toral UPDRS, motor UPDRS, and
UPDRS bradykinesia measures were all significantly
correfated with age-corrected V" (Table 3, Fig 5).
Tremor ratings were not correlated with SPECT mea-
sures.

Putamen:caudate ratios were significantly correlated
with total UPDRS score for the ipsilateral but not the
contralateral values. The ipsilateral putamen:caudate
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Fig 5. Correlation of Hoebn-Yabr stage and total Unified Par-
Einson’s Disease Rating Scale scove with age-corrected contralat-
eral V3" values for individual idiopathic Parkinson’s disease pa-
Hents.

ratio showed a nonsignificant trend for correlation for
Hoehn-Yahr stage, motor UPDRS scores, and brady-
kinesia. Contralateral putamen:caudate ratios were not
correlated with Hoehn-Yahr stage or UPDRS score or
subscores.

The Al calculated berween caudate and puramen
were not correlated with Hoehn-Yahr stage or
UPDRS scores. The caudate Al showed a2 modest, but
significant, correlation with tremor score.

Discriminant Function Analyses

Separate discriminant function analyses in PD patients
and controls were performed for V5" values in the
following four categories: contralateral and ipsilateral
caudate and putamen, age-corrected V'’ values, puta-
men:caudate ratios, and Al (Table 4). The individual
measures employed in each analysis are indicated in the

Table 3, Corvelation Cogfficients for Single-Photon Emission Computed Tomographic Measures and

Motor Ratings tn Parkinson’s Disease Patients

V.
2 Putamen: Caudate Ratio Asymmetry Index

Ipsi Ipsi Contra Contra

Caudace Putamen Caudate Putamen Ipsilateral Contralateral Caudate Putamen
H-Y score ~0.507 -0.576 —0.482 —-0.517 —0.364 —.155 —~0.031 0.025
4 0.006 0.001 0.009 0.003 0.057 0.430 0.876 0.898
Total UPDRS —0.480 -0.551 - 0.494 —0.472 —0.3806 —0.944 0.089 -0.016
b 0.010 0.002 0.608 0.011 0.043 0.823 0.652 0.936
Motor UPDRS —0.467 —-0.525 -0.478 —0.468 -0.354 -0.058 (.080 -0.011
? 0.012 0.004 0.01 0.012 0.065 0.767 0.683 0.956
Bradykinesia —0.464 —0.521 —-0.473 —0.481 —0.335 - 0.086 0.050 —-0.006
J2 0.013 0.004 0.011 0.010 0.081 0.602 0.799 0.975
Tremor -0.122 —(.200 —0.164 -0.091 —{.298 —0.004 (0.410 0.113
P 0.336 0.308 0.405 0.646 0.124 0.984 0.030 (.508

Note: Correlations are for age-corrected values.
Ipsi

Seibyl et al: [***1}B-CIT SPECT in Parkinson’s Disease
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Table 4. Discriminant Function Analyses in Parkinson’s Disease Patients and Controls

Percentage
Within Wilks” A of Cases
Function Univariate Correctly
Analysis Factors Correlation F Rartio Factor Overall Assigned
A Contralateral putamen 0.86 174.3 0.233 0.184 98
V;"' values Contralateral caudate 0.61 88.07 0.376
Ipsilateral puramen 0.61 88.42 0.375
ipsilateral caudate 0.44 46.4° 0.533
B Contralateral putamen 0.79 235.0° 0.184 0.124 100
V,' values Contralateral caudate 0.49 78.3* 0.404
(age-corrected) Ipsilateral putamen 0.46 91.8° 0.366
Ipsilateral caudate 0.32 37.4° 0.586
C Contralateral rartio 0.73 76.4* 0.409 0.270 96
Putamen:caudate ratio Ipsilateral ratio 0.74 79.0% 0.401
D Caudate asymmetry index 0.73 20.5* 0.721 0.58 80
Asymmertry index Putamen asymmetry index 0.82 25.8° 0.672

iy < 0.0001, Parkinson’s disease vs controls.

table. For raw V,"" measures, the contralateral putamen
value demonstrated the strongest loading (r = 0.86),
with a univariate F ratio = 174, supporting the notion
that contralateral putamen accounts for the greatest dif-
ference berween the PD and control groups for the
four V" measures. The Wilks' A for contralateral pu-
tamen suggested this measure accounted for most of
the variance berween PD and controls. Ipsilateral puta-
men and contralateral caudate showed a similar high
loading (» = 0.61), magnitude of F ratio, and Wilks' A,
indicating measures from these two regions are roughly
equivalent for distinguishing patients and controls and
not as sensitive as the contralateral putamen measure.
Ipsilateral caudate showed the least discrimination be-
tween groups, although the F ratio berween the con-
trols and PD patients was still significant at the p <
0.0001 level. Overall, utilizing the four raw V,’" factors
resulted in highly significant discrimination between
groups. Using the discriminant function, the model
predicted correct group membership in 54 of the 59
cases (98%).

Age correction of the V"' factors reduced the unac-
counted-for variance between the PD and control
groups and accurately assigned 55 of 55 cases (1009%).
Loading again demonstrated the greatest discrimination
was from the contralateral putamen, foliowed by
roughly equal loading for contralateral caudate and ip-
silateral putamen, followed by ipsilateral caudare.

Puramen:caudate ratios taken alone were slightly
less discriminative than V"' values. Ninety-six percent
of the cases were accurately assigned by the discrimi-
nant model. There was no difference between the ipsi-
lateral and contralateral ratios in either loading or indi-
vidual Wilks’ A values.

The Al proved the least discriminating between the
PD and control groups. The discriminant function us-

596 Annals of Neurology Vol 38 No 4 October 1995

ing Al alone assigned 80% of cases to the correct diag-
nostic group.

Discussion

These data describe marked and significant differences
between 28 1-dopa—responsive PD patieats and 27
healthy controls on the following three ['2’I1B-CIT
SPECT measures: V,'' (raw and age-corrected values),
putamen:caudate ratios, and ipsilateral:contralateral
asymmety. Hoehn-Yahr stage and UPDRS scores
were significantly correlared with V' measured in ipsi-
lateral and contralateral puramen and caudate. Pura-
men:caudate ratios showed only a trend toward sig-
nificant correlation with motor measures for the
ipsilateral side. Als did not correlate with motor scores.
For the PD patient group, the differential reductions
of V"' in distinct striatal regions were in the expected
order with the greatest reduction in contralateral puta-
men {mean reduction, 30% of control}, then ipsilateral
putamen (389%), then contralateral caudate (47%), and
finally, ipsilateral caudate (569%). Discriminant function
analysis using age-corrected V'’ values was able to cor-
rectly discriminate all PD patients and controls. While
significandy different relative to control group, the ad-
ditdonal measures of putamen:caudate ratio and Als
were less successful than V," in discriminating the
groups.

What is the best ['#]1B-CIT outcome measure for
evaluation of DA transporter loss in PD? On the basis
of these data, age-corrected V;'" provides the highest
degree of discrimination for the evaluated measures.
The contralateral putamenal value alone accounted for
82%% of the berween-group variance. This suggests that
a simple ratio obtained in putamen on the day after
radiotracer injection (1824 hours) is both highly dis-
criminatory and well correlated with symptom severity



measures. Other measures (putamen:caudate ratio and
Al) may prove more useful in the differentiation of
idiopathic PD patients from Parkinson syndrome pa-
tients rather than in the serial evaluation of disease
progression in idiopathic PD. The diagnostic utility of
the putamen:caudate ratio and Al is currently being
evaluated by our group in Parkinson syndrome pa-
tients.

The poor correlation of tremor ratings with SPECT
measures is Aot surprising given the poor clinical corre-
lation of tremor with disease severity and the fact that
the UPDRS is weighted toward assessment of bradyki-
nesia. On the other hand, bradykinesia has been shown
to be highly correlated with clinical severity and abnot-
mal PET ["®*Fldopa uptake {18]. In the present study,
bradykinesia ratings were also highly correlated with
SPECT V" measures. Of interest is the correlation
between the ipsilateral putamen:caudate ratio and
UPDRS score, but not contralateral putamen:caudate
ratio. This may represent a “pseudonormalization” of
the putamen:caudate ratio on the more affected side.

PET studies of ['*F]dopa uptake in striatumn have
been the gold standard of funcrional evaluation of ni-
gral DA neuron functon in PD. While measuring a
different aspect of dopaminergic pathophysiology, the
present study utilizing ['2*I18-CIT SPECT is consis-
tent with the PET ['®Fldopa studies including the dem-
onstration of relatively greater putamenal abnormality
compared with caudate, ipsilateral/contralateral asym-
metries, and correlation with symptom severity 19—
21]. {*211B-CIT SPECT also shows the expected re-
duction of uptake in normal aging brain. Both
['**1]1B-CIT SPECT [12} and {'®F]dopa PET {19, 20,
22} are sensitive to changes in DA function occurring
prior to the onset of clinical symptoms. One major
advantage of ['?1}18-CIT SPECT for potential clinical
application lies in the ready availability of SPECT in-
struments,

These data must be viewed in light of several possi-
ble sources of error. First, care was taken to develop
ROIs small enough to provide accurate separation of
candate and putamen. The risk of such a strategy is
the relatively greater statistical variation associated wich
V.’ compared with larger ROIs. In a pilor analysis of
12 PD patients and 12 controls from the present data,
we examined a larger ROI template derived from
coregistered MRI image for analyzing activity within
caudate and putamen. The larger ROIs showed smaller
coefficients of variation (COVs) for the mean of V"'
measurement taken within each subject’s scanning ses-
sion compared with the COV for the same scans ana-
lyzed with the standard RO1 used in this scudy (5COV
= 18 = 6% and 9 * 39 for standard and larger
ROIs in healthy subjects, respectively; %6COV = 28
* 16% and 10 = 4% for standard and larger ROIs
in PD patients, respectively). Nonetheless, V' values

obtained with larger ROls are lower, due to significant
volume averaging. In addition, there was greater
within-subject noise in the putamen:caudate ratio data
for the larger ROI, possibly due to the contamination
of putamen with caudate counts and uncertainty in pre-
cisely placing the ROl template to accurately separate
these structures. The ROI strategy employed in the
present data (see Fig 1) provides for cleaner separation
of caudate and putamen. Further improvements in
SPECT instrumentation may permit greater spatial res-
olution, reduce partial volume errors, and thereby pro-
vide caudate and putamen V,'’ measurements closer
to the actual values.

Another source of possible confounding in these
data lies in the fact that PD patients were medicated.
It 1s possible that direct or indirect effects of medica-
tions on the DA transporter could interfere with V"
measurements. An in vitro study demonstrated rela-
tively weak inhibitory effects of L-deprenyl and potent
effects of p-deprenyl on the selective DA wansporter
inhibitor [*H]GBR-12935 binding in rat striatal slices
{23]). In addition, nonspecific effects of L-dopa could
interfere with ['**138-CIT binding. In preliminary ba-
boon studies we were unable w0 produce displacement
of activity from brain in animals receiving suprathera-
peutc L-dopa/peripheral dopa decarboxylase inhibitor
infusions during the plateau phase of {'2118-CIT im-
aging £24]. In the present study, review of striatal
['#11B-CIT uptake in the 5 unmedicated patients did
not demonstrate differences from other Hoehn-Yahr
stage 1 patients receiving medications. Nonetheless,
the effects of medication treatment were not addressed
in this study, and we are currently studying the effects
of L-dopa on ['2*118-CIT SPECT imaging in early PD
pattents.

The mean age of the healthy control group was sig-
nificantly less than that of the PD patient group. For
uncorrected data, this could have the effect of increas-
ing the significance of the difference between the
groups, although in the discriminant function analysis,
the raw V,'' data showed slightly poorer separation
of the groups than age-corrected V"' (see Table 4).
Regardless, the sensitivity of [##*113-CIT SPECT for
detecting expected age-related reductions of DA trans-
porter density makes age correction useful when com-
paring groups that are not age matched. The age-
correction algorithm urilized in this study was based
on the linear regression of the healthy subject V,”'
data. The small number of healthy subjects used in this
analysts could generate error in the correction. The
method itself assumes a linear reduction of DA trans-
porter density with age, which may not accurartely re-
flect this process.

An unexpected finding in the healthy group was the
relative left/right striatal difference seen in V,'' and
Als (see Table 2, Fig 4). Peterson and colleagues [25]
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have reported significantly larger left basal ganglia size
in right-handed healthy controls including lenticular
nucler measured with volumetric MRI, although post-
mortem data have not shown unequivocable left/right
striatal volume differences {26]. Left/right differences
within the healthy group may have been contributed
to actual volume differences, resulting in differential
partial volume averaging of the SPECT signal and/or
actual reductions in DA transporters. The fact that the
healthy group was not well characterized with regard
to cerebral dominance makes this an interesting obser-
vation of uncertain significance.

In summary, these data demonstrated marked differ-
ences in ['211B-CIT SPECT measures in healthy con-
trols and PD) patients with a very high degree of separa-
tion between the two groups using a discriminant
tunction analysis. In each of the 59 subjects studied,
age-corrected ['*1}8-CIT uptake in caudate and puta-
men accurately identified the subject as either normal
or Parkinson. Age-corrected V"' in the putamen con-
tralateral to the side of symptom onset provided partic-
ularly good group separation with only 18% unac-
counted variance. Further, the significant correlation of
SPECT measures with motor ratings suggests ['°T]pB-
CIT may be a useful marker of disease severity in PD
with potential utility in serially monitoring disease pro-
gression.
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